Severe stress experienced in early life may have long-term consequences on adult physiological functions. We studied the long-term effects of separation on blood pressure levels in non-obese subjects who were separated temporarily in childhood from their parents during World War II (WWII). The original clinical study cohort consists of people born during 1934 --1944 in Helsinki, Finland. This substudy includes 1361 non-obese subjects (body mass index o30 kg m
INTRODUCTION
A propensity to high blood pressure levels in adult life is predicted by blood pressure levels early in childhood. 1 Different prenatal exposures appear to have a long-term effect on adult blood pressure levels. 2 Studies have shown associations between birth weight and blood pressure, as well as between childhood height and other growth measures in relation to later blood pressure. 3 --5 There is, therefore, evidence that blood pressure levels are programmed during critical developmental phases. In addition, various psychosocial factors during childhood (for example, childhood abuse, separation and neglect) and family environment (family dysfunction, poverty and low socioeconomic status) may contribute to health, including elevated blood pressure levels, in adult life. 6 --9 Finland fought two wars with Soviet Union during World War II (WWII). To protect the Finnish children from strains of the war, approximately 70 000 children were evacuated unaccompanied, without their parents, to temporary foster care in other Scandinavian countries, mostly in Sweden and Denmark. We have shown in our previous register-based studies based upon findings in the Helsinki Birth Cohort Study that participants who have experienced separation in childhood had a 1.3-fold risk for hypertension and 1.7-fold risk for coronary heart disease in their late adulthood. 10 In this study, our aim was to examine the effect of age at separation and duration of separation on blood pressure levels in non-obese subjects who experienced war-time separation during WWII.
SUBJECTS AND METHODS Participants
The 1361 participants in this study are a subset of the Helsinki Birth Cohort Study, the epidemiological part of which includes 8760 people. 11 All subjects were born in Helsinki between 1934 and 1944 and attended child welfare clinics in the city of Helsinki, and were still alive and lived in Finland in 1971, when a unique personal identification number was allocated to each Finnish resident. In the year 2000 using random-number tables, we selected a subset of people who were still alive and living in Finland. We invited 2902 subjects to attend a clinical examination during 2001 --2004; 2003 men and women participated. Of them, 1361 subjects who had a body mass index (BMI) o30 kg m À2 were included in the present study. Of these, 192 (14.1%) had been evacuated abroad without their parents ('separated'). Data on evacuation were collected from a register in the Finnish National Archives, which gives full documentation of the children (n ¼ 48627) evacuated by the Finnish Government. Information on age at separation and duration of separation was obtained from the register. In addition to these children, over 20 000 children were evacuated abroad through personal contacts during WWII. These have not been officially registered. To identify these subjects, we also collected information relating to evacuation in wartime during the clinical survey in 2001 --2004 by asking the participants directly. 12 We identified 189 people whose information on war separation was unclear and because of this they were excluded from the analyses. The remaining participants ('non-separated') who did not experience separation served as controls (n ¼ 1169). The ethical committee at the National Public Health Institute in Helsinki approved the study protocol. Written informed consent was obtained from each subject before any study procedures were carried out.
Blood pressure and metabolic outcomes
All the study participants came to the clinic in the morning after an overnight fast. A clinical examination was performed by a team of trained research nurses. Blood pressure was measured using a standard sphygmomanometer from the right arm in the sitting position. The result was recorded as the mean of two successive readings. Information on use of anti-hypertensive medication was obtained from a questionnaire, which the participants filled in during the clinical visit. Information on alcohol consumption, smoking and leisure-time physical activity were obtained from self-administered validated questionnaires. A 2-h oral glucose tolerance test was performed. Furthermore, blood samples were drawn for measurement of total cholesterol, HDL-cholesterol and triglycerides. The clinical study design has been described in detail previously. 11 
Confounding variables
Childhood socioeconomic status was based on the highest occupational status of the father, which was recorded in birth records, child welfare clinic and school health-care records and categorized into three groups using a classification originally devised by Statistics Finland (manual workers, junior clericals and senior clericals).
Educational attainment in adulthood was based upon a question related to schooling asked at the clinical examination. This was categorized into four groups (elementary school, vocational school, senior high school and college/university degree).
Statistical analyses
Tests for differences in blood pressure levels between the separated and non-separated were based on multivariate linear regression analyses. The group differences were adjusted for sex, age at testing, father's occupational status in childhood and own level of education in adulthood. We also tested if, among the evacuated, age at separation and duration of separation influenced blood pressure levels by using linear regression analyses. SPSS (Statistical Package for Social Sciences) version 19.0 (SPSS, Armonk, NY, USA) was used for the analyses.
RESULTS
Descriptive characteristics of the separated and non-separated are given in Table 1 . Gender distribution was similar among the separated and non-separated. The separated were slightly older at testing than the non-separated. Childhood socioeconomic status and adult educational attainment were lower among separated than among the non-separated. Over one-third of the separated had been evacuated in toddlerhood; mean age at separation was 4.8 (s.d. ¼ 2.5) years. Mean duration of separation was 1.6 (s.d. ¼ 1.0) years. The separated had significantly higher systolic blood pressure values than the non-separated (Po0.0001) ( Table 1) . Adjustment for sex, age and socioeconomic status (SES) in childhood and adult life had little influence on the findings. Further adjustment for BMI, use of blood pressure medication, smoking, alcohol intake and physical activity did not attenuate the findings. The separated subjects used more antihypertensive medication than the non-separated (P ¼ 0.03), but this was significant only in women, who experienced separation in toddlerhood (Po0.05). No statistically significant interactions between socioeconomic status in childhood and educational attainment in adulthood, and separation status were observed (data not shown).
Effects of age at separation on blood pressure Table 2 shows that systolic blood pressure levels were significantly higher among those who were separated in early childhood (4 --7 years) compared with the non-separated. This finding was the strongest in men (159.1 vs 143.9 mm Hg; b ¼ 11.2; 95% confidence interval (CI) 2.5 --20.0; P ¼ 0.01). A similar trend was observed in women but it did not reach statistical significance. Likewise, diastolic blood pressure levels were higher in those who experienced separation in early childhood in comparison with the non-separated (90.1 vs 87.7 mm Hg; b ¼ 4.2; 95% CI 1.0 --7.3; P ¼ 0.01). These findings remained statistically significant after adjusting for age and social class in childhood and educational 
Effects of duration of separation on blood pressure A separation that lasted for o1 year showed the strongest association with high systolic blood pressure level (Table 3 ). This finding was most pronounced in women (153.4 vs 140.5 mm Hg; b ¼ 10.5; 95% CI 1.5--19.6; Po0.03; P ¼ 0.08 for men). The findings in relation to diastolic blood pressure showed sex differences. Women who were separated for o1 year showed the highest diastolic blood pressure levels (89.7 vs 86.1 mm Hg; b ¼ 4.9; 95% CI 0.3--9.5; Po0.05) when compared with the non-separated. Men who were separated for 42 years showed the highest diastolic blood pressure levels when compared with the non-separated (94.2 vs 89.4 mm Hg; b ¼ 4.9; 95% CI, 0.2--9.7; Po0.05). These findings remained significant after adjusting for age and social class in childhood and educational attainment in adulthood. Further adjustment for use of blood pressure medication, BMI, smoking, alcohol intake and exercise attenuated the results only little.
DISCUSSION
We examined the long-term effects of age at separation and duration of separation on blood pressure levels in non-obese subjects who experienced temporary separation from their parents during WWII. In general, those who were separated had markedly higher systolic blood pressure levels when compared with the non-separated. Those who were separated in early childhood had markedly higher systolic and diastolic blood pressure compared with those who were not separated. The association with systolic blood pressure was more pronounced in men. Duration of separation influenced blood pressure differently in women compared with men. Women who were separated for o1 year showed higher systolic and diastolic blood pressure when compared with the non-separated. Men who were separated for 42 years showed higher diastolic blood pressure when compared with the non-separated. These findings are consistent with other studies showing that health outcomes later in life may be programmed already early in life and that there may be gender differences in these effects. 4, 13, 14 Blood pressure is a major risk factor for cardiovascular disease. 15 We have previously shown that stress experienced in early childhood is associated with increased coronary heart disease morbidity. 10 Information on body size in adulthood was not available in that study. Because obesity is a major risk factor for the metabolic syndrome as well as for cardiovascular disease, 16, 17 in order to exclude the effect of obesity, we restricted our analyses to those individuals whose BMI was o30 kg m À2 . Our findings show that stress in early life, in non-obese individuals, is associated with blood pressure levels in adult life. Furthermore, our findings were independent of the participant's age, sex, childhood socioeconomic status, educational attainment in adulthood and adult lifestyle.
The study design does not allow us to determine the underlying mechanisms potentially explaining the associations between childhood stress and blood pressure. However, these may include a number of physiological, psychological, social and genetic mechanisms. Psychological stress in early life can have life-long effect on the hypothalamic--pituitary--adrenal axis activity, and hypothalamic--pituitary--adrenal axis dysfunction is a known risk factor for cardiovascular disease. 18 We have shown in a previous study using a smaller subsample that former war evacuees have altered responsiveness of the hypothalamic--pituitary--adrenal axis to psychosocial stress in late adulthood. 19 Certainly, other potential underlying mechanism could contribute to the present findings.
In this study, we used clinical measurement in assessing blood pressure and reliable register data to define stress in childhood. Regarding stress in early life, we cannot rule out the possibility that some children classified as the non-separated actually were in fact separated with the help from personal contacts of the families. 20 However, the existence of false controls would diminish rather than increase the observed group differences.
We have previously discussed the limitations and possible selection bias of the Helsinki Birth Cohort Study. 11 This study was restricted to people who as children attended child welfare clinics. The majority of children attended these, attendance was free and voluntary. The people in our study may not be representative of all people living in Helsinki, however, at birth, social class distribution was similar to that in the city as a whole. There were food shortages in Finland before and during the Second World War and some families were malnourished. These circumstances, which are unusual for most families in the contemporary Western setting, may limit the general application of our results. Our results are based upon internal comparisons within the sample and therefore it is unlikely that the association between separation and blood pressure levels could be attributed to selection bias. Some other limitations need to be considered. Experiencing stress in childhood could include one event or the sum of many adverse exposures. For example, children in temporary foster care may have experienced at least two disruptions, the first at the initial separation and the other upon returning home years later, 21 resulting at least in two disruptions in the attachment continuity. Furthermore, some of the children were separated two or even three times during the war. The association between early life stress and health in adulthood would be expected to be affected by the severity of the adverse exposures, type of stress, environmental variations, resilience of the child and the age at exposures. 22 The impact of age at separation on later blood pressure was obvious in the present study. Unfortunately, we do not have information on the quality of foster care or on childhood diets.
Although the historical circumstances in this study were particular, the developmental significance of stress in childhood is not limited to this study. Experience of childhood stress from various causes, such as child abuse and neglect, illness, poverty, institutionalization, immigration or war, still occurs in the contemporary world. In spite of historical relation to the circumstances in WWII, our findings in relation to childhood stress and blood pressure can be seen more generally. Even today, millions of people are displaced, more than a third of them are refugees and nearly half of the refugees are children of varying age. A number of these children are displaced without their parents for periods that can last for years. 23 In conclusion, the findings of this study suggest that not only separation per se but also age at separation, as well as duration of separation, influenced adult blood pressure levels because of early programming during plastic developmental phases in early life.
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